The crystal and molecular structure of the carcinostatic agent 6-azathymidine has been determined from Xray counter data. The nucleoside crystallizes in the orthorhombic space group P2~212 ~ with four molecules per unit cell of dimensions a = 8. 169 (4), b = 7.412 (4), c = 18.287 (9) A. The structure was solved by direct methods and adjusted by full-matrix least-squares refinement to the 1014 data, yielding a final R factor of 4.3%. Similarly to other nucleosides with an aza group ortho to the glycosidic bond, 6-azathymidine occurs in an extreme anti conformation with O(I')-C(I')-N(I)-N(6) at 88 o. The ribose conformation is C(2')exo, C(3')-endo and the orientation of the C(5')-O(5') bond is gauche, gauche. This X-ray study suggests that the biochemical properties of 6-azathymidine can be explained similarly to those of 6-azauridine and its 5'-phosphate.
Introduction
Nucleosides with aza groups ortho to the glycosidic linkage were first discovered in sponges and later obtained synthetically (Suhadolnik, 1970) . They are of biochemical interest owing to their pronounced cytostatic activity and have been tested for clinical use against human leukaemia (Skoda, 1963; Hernandez, Pinkel, Lee & Leone, 1969; Sorm & Veseley, 1961) . In order to study structure-function relationships for this class of nucleosides, NMR studies were carried out for 6-azauridine (Hruska, 1973 ) and X-ray crystal structures were determined for this molecule (Schwalbe & Saenger, 1973) , for 6-azauridine 5'-phosphate (Saenger & Suck, 1973) , for 6-azacytidine (Singh & Hodgson, 1974a) , for 8-azaadenosine (Singh & Hodgson, 1974b) , and for formycin (Prusiner, Brennan & Sundaralingam, 1973 : Prusiner & Sundaralingam, 1973 . All these investigations yielded a consistent picture: while in * To whom correspondence should be addressed. normal nucleosides the preferred orientation about the glycosidic linkage is anti with the torsion angle O(I')--C(I')-N(1)--N(6) nearly cis-planar (~20°), in the azanucleosides this angle is about 90 °, rendering the torsion angle C(2')--C(I')-N(1)-N(6) nearly cisplanar (extreme anti or high anti conformation). On the other hand, the preferred orientation about C(4')-C(5') is gauche, gauche for normal nucleosides but gauche, trans or trans, gauche in the aza series. Most striking is the gauche, trans conformation for 6azauridine 5'-phosphate which is in contrast to the gauche, gauche observed thus far in all the 5'-ribonucleotides. This finding led to a proposal for the antimetabolic activity of 6-azauridine 5'-phosphate (Saenger & Suck, 1973 : Saenger, Suck, Knappenberg & Dirkx, 1978 .
The question arises as to whether the unusual conformational properties of the azanucleotides are limited to the ribo series or whether they are found in deoxyriboazanucleosides as well. In this contribution the X-ray analysis of 6-azathymidine is reported.
Experimental 6-Azathymidine crystallizes from aqueous solution in the form of elongated prisms. Crystallographic data obtained from photographic and four-circle diffractometer measurements are summarized in Table 1 . For X-ray intensity data collection, the diffractometer was operated in the 20/09 scan mode with stationary counts on both sides of each scan using Ni-filtered Cu Ka radiation. In total, 1014 data were measured of which 865 were greater than 3aFo and considered as observed.
Owing to the small size of the crystal (0.30 × 0.25 x 0.15 mm) the data were corrected for geometrical factors but not for absorption. (2) Solution and refinement of the structure
The crystal structure of 6-azathymidine was solved by direct methods using the program MULTAN (Germain, Main & Woolfson, 1971) . A Fourier synthesis based on the most consistent phase set obtained with the 200 E's greater than 1.4 revealed 13 non-hydrogen atoms in chemically meaningful positions. The remaining atoms, including H atoms, were determined from difference Fourier maps computed after several cycles of isotropic and then anisotropic full-matrix least-squares refinement with scattering factors taken from International Tables for X-ray Crystallography (1974) . The refinement converged at R = EllFol -IFcll/E IFol = 4.3% for all data with the average shifts in atomic parameters less than ¼ of the standard deviations.*
Results
Atomic coordinates are presented in Table 2 , some selected dihedral angles in the molecule in Table 3 , least-squares planes in Table 4 and geometrical data for hydrogen bonds in Table 5 . Fig. 1 is a sketch of 6-azathymidine showing the numbering convention, with all non-hydrogen bond distances and bond angles indicated. Fig. 2 shows a thermal-ellipsoids plot of the 6-azathymidine molecule and Fig. 3 presents a stereoview of the packing pattern of 6-azathymidine.
Discussion

Geometrical data of the heterocycle
As described earlier for 6-azauridine (Schwalbe & Saenger, 1973) , and 6-azauracil and 6-azacytidine (Singh & Hodgson, 1974a,b) , the geometrical data not involving N(6) are comparable with those observed in the natural analogues. In 6-azathymidine, the bond C(5)--N(6) is shorter by 0.053 ,& than that in thymidine (Young, ToUin & Wilson, 1969) but C(4)-C(5) is longer by 0.019 ,&, a feature also observed for * Lists of structure factors and anisotropic thermal parameters have been deposited with the British Library Lending Division as Supplementary Publication No. SUP 33210 (8 pp.). Copies may be obtained through The Executive Secretary, International Union of Crystallography, 13 White Friars, Chester CHI I NZ, England. 6-azauridine. Further, as in the other 6-azanucleosides, the angle C(5)--N(6)--N(1)is decreased by 5.1 ° in 6azathymidine relative to that in thymidine but the internal angles with N(1) and C(5) as vertex are increased by 2.7 and 5.2 °. 
R ibose geometry and conformation of the molecule
The ribose displays a rather regular C (2')-exo, C (3')endo half-chair conformation, similar to that found for 6-azauridine 5'-phosphate. All the bond lengths agree within 0.15 A with average values for C(3')-endo nucleosides (Saenger & Eckstein, 1970) , indicating that on an energetical basis these two conformations are comparable (Saenger, 1973) .
Similarly to other nucleosides with an aza group ortho to the glycosidic linkage, the 6-azathymidine molecule displays an extreme anti conformation with the torsion angle O(I')--C(I')-N(1)--N(6)at 88.04 ° 1or O(I')-C(I')-N(1)-C(2) at --86.6°1. The orientation about the C(4')-C(5') bond is gauche, gauche (Table 4 ), like that found for 6-azacytidine, but unlike 6-azauridine, its 5'-phosphate and thymidine.
Packing arrangement
In nucleosides, O(1') does not usually accept hydrogen bonds (Sundaralingam, 1968) . This is also true for 6-azathymidine, while all the other 6azapyrimidine and 8-azapurine nucleosides are involved in such interactions. It has been proposed that this feature of azanucleoside crystal structures is not due to increased electronegativity residing on O(1') but is rather a steric effect: O(I') is more exposed if a nucleoside assumes the extreme anti conformation (Saenger et al., 1978) .
The segregation of hydrophobic and hydrophilic zones so frequently found in nucleoside crystals (Saenger & Suck, 1973) is also observed for 6azathymidine (Fig. 3) . The hydrophobic and hydrophilic structural elements are endless pillars of stacked bases and riboses, extending by the action of diads parallel to b. The molecules are linked by a network of hydrogen bonds involving both heterocycles and riboses (see Table 5 ). A packing pattern similar to that in this crystal structure also exists in crystals of 6azauridine and 6-azacytidine.
Conclusions
The fact that 6-azathymidine occurs in an extreme anti conformation similar to that in all the other nucleosides with aza groups ortho to the glycosidic linkage suggests that the nature of the sugar moiety has no influence on this particular feature. It is to be expected, therefore, that the biochemical properties of 6-azathymidine can be explained on the same basis as described earlier for 6-azauridine (Schwalbe & Saenger, 1973) and its 5'phosphate (Saenger & Suck, 1973; Saenger et al., 1978) .
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